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STENT IW.UVmY SYSTEM I SINC^ SHAPE MEMORY RETRACTION 
^ '.^^.--RFFEICENO'. "O UELA ILD APPLICATIONS 
ri;is appJkation is a contmaatjoa-in-pait oWS Appiicadon No. 09.^04,644, 
rued Decsinber 2, 1998, which is a contimoa of US Application No, 08/947,619, tlkd 
5 October % 1 997, whicli ss a comifiuatioa4n~p3Tt of US Appiicatiou No, 08/941,978, ,Sled 
Octote i, 1997, the satire contents of each ofxvfiich are incorporated herein by reference. 
BACKGROUND OF mil IMVENllON 
I i-tf rrcst-iit iBvcniioi) re.-aJcsto an in^pi-n-d vxirepall b:j[^:K uc ;vcr\ system, 
Mare spixincaliv. irixcraion relates io a xyirc puil-faack iitc-m ddlx^ry sysisin which 
at;uzti; .1 s;;a;>e monscn conr;a<,u!>.; -uaribsr to retract the recractable outer sheath and 
ciep;cy a rncdic^} txnxAnni thv nxninhnmiy invasive appHcatiou, ssck as m eadovsscsjlar stent 
,?raii vena cava nUer. ajieurysm repair particies, seif-expanding stetit, balloon sxpandsble 
stent, or me iiks: 

Deliver}' s>'si«sms ibr deployirig medico irftpla«ts, such as m eaaovasctslar 
1 5 stent gra.n, vena cava filter, self^xpassding stent, baiioon espaadsble stent or the }&e, are 
a highJy developed sad well kao^ fieid of medtcai technologj^ These medical devices 
have masiy wll laso%^ uses md 3|>plieatiol^s. in y^^hciihx, z ;.ten,? i? a pK.vsih.;^-:, wiiich is 
generally tisbular and which i,s sxparjded radii€> in ,5 v,-v:el .>r u-rneu to ^Tsain-nn iis valency. 

20 expandable stem," ai^ ;r,ouEns:d on a bal}oo3> which wisen cxp<m<ied delivers the stent 
exettuii? ?aasr.i for;x' r.;^ tr.c constncted ponioa of the body Itrnien to r^-estabUsh patency. 
A seit-expiuiding sient ig a stent which expands fe>m a compressed deliver^' position to its 
origmal dismeter wl>en released from the delivery device, exerting radial force on the 
constricted pojtioit of the body lumen to re-estabiish patency. One cortjmon 5eif-exi>anding 

2 5 to is manufactured of Nitinol, a itickd-titaidum sk^po memory ailoy, which can be tonmd 
m4 annealed, defeased m a low tesnpersture, asd recalled to ita original shape •^^r.h ae.r.m^. 
such as when deployed at body lempemitire in the body. A common materin! for balloor 
expgndsbls stssus is stainless ptcel 

^>S-ire piai-bauk u-r Jo;^ o-,;uonv, .:ojnrn«n]y assigned wjih dri.s 

-^0 appbcanoi) -ciudo T^S ,?571 135. : S 0^'?5364I fiied Scpicmber27, 1996 and US 

>733267, ih€ ea^sre eontents of vdiich are tercby incorpormed by refoicnce. Another wire 
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pi^ll-bscJi stent delivery sysmtn is .hown In US 5360401 . One hnponmt factor in dd™g 
the steM b a costr^Iled prsdse. retraction of tije retiactabb ourer sheath. \^"nai is needed [3 
a wire pull-back stent ddivery system which provfe &r a controlled ai^d preci.. retracUan 
of tl>e tetracfeble ouier sheath a«d enables the physicim to acciimtdy det™e proper 
5 poshioniBg of fee stent 

SUMMARY OF THE INVENTION 
The invsmive M delrv ery systerr. includes a catlsetsr h&vmg a retractable 
<. Hiisr aheath near its distal ead, A shape memory contmctioa member having a msmori^ed 
conti^cted shape is cotmected to the retractable outer sheath. A heat geseratiag device 
10 coBnested to the sl^ape memorj- contmction meaiber causes the shape jBemory corstractlon 

member to heat up to its ts^oEtempemtiare and assuaie its conirsc*^ 
the rs\raetsble Qut&t sheath. 

ABoiher embodiment adiizes 2 springs, a "nomial" :;nri.ng aiid a shape 
memory- aUoy (SMA) spring, the two springs selected and designed so thai die ^lottual^' 
IS spring has sn expansion force %^tic.h is less ihrn SMA spring vvhsn the spritsg is 
ansvenitic, but greater tha;>. the SMA spmg whsa the SMA sphng is martsnsitic. 

■^'st arioiher s:ubo(!iment utilizes a shape .uemory ^atch which in its 
majtesisiiic state abuts a stop to prevent a spring &om moving the sheatls proximaOy, but ia 
irs atistet^itic state lelmss the s^p, allowing the sprmg to retract the sheath to release the 
20 sterjt for deployment 

BRIEF DESCRIPTIOM OF THE FIGURES 
Figure 1 shows a cross-sectiona! view of atirst embodiment of ti^>e iuvenrive 
catl^eter %vith a single coiled vvire for its shape memory contractiaa member; 
^■^ ^5g55re 2 shows a cross-sectional view of a second smbodimsm of the 

mx er.t-.ve oad^.efer v.ith a bsllooa beneath the stent and with a eoU and''or twisted wire 
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Figure 3 shows a cross-sectional view of a third embodissent of the inventive 
catheter witl^ a nmltipie wire contraction member mth the mres coiled in parallel; 

Figure 4 shows a cross-sectionai view of a ibnrth embodiment of the 
inventive catheter with a braided wire tube contraction member; 



r;gur>: -nov,^ >cl5L-inauc cross-^sectiouiiS view of a fifth enjbodlueiir of a 
.u-i-^p^^ s^KT^.v:-; rotrai.;;..>r. jalii-x-re;. -hown in the uadepioyeci position; 

r !S«re d ?bo<^ s a schemaiic crsjss-secuonaii view of a fifth emlx>din3ent of a 
^hapo -nczsory retr<u-tion carheser, showsi in the deployed posite 
S Figure 7 shows a schematic cross-sectional vi&w at s sistli snibodiniem of 

a shape memory retracrioa catheter, showing in the uadsployed positioo; 

Figws g shows a schemadc cross-sectjoniU vjev>' of s sixth s •Bb^.'diiTien.r of 
a shape mmiory retracisos catheter, shovs-n in the depic>tfi r- 'SUicru 

Figtsre 9 shows tlse shape mernor>' latcii of the sixth ;;j5il\>iirrcT>r in iis 
10 mastensMc stMs, arsd 

Figure 50 show^ the shape memoo' ktch of the six& smbodiraeiit is its 
aysteaitic si^s. 



JLSi mmO\ Oh niEFREFlrRRLD FMBODIMENTS 
feierrng to FIG I tbe siveniave csadieter i& shown generally is 1 ^ aud ss v?t 
weL Wvn consmict'os wfc ^ mner 12 and m oaer sba^ 4 C oaaec:ed to ri»e 
^a*er s>3ai\ '4 »s retractim assemni> ^hown generall) at v^hich 's c ^mpnsca oi ? 
v-o' tp' foV accf 'd an •.cct^oa ' 8 end a ^cat slisstth <5ectio-> 20 For more -io'->i v^on - 

oi v^Vi^ch, a"c ->r^ 

N V, i " V. ^ .s " ent 2Z iS i^iunec on isne" shall 12 u<Scr ietr<5ca 
j^-sv-iu s s ,,^r 1" mc an Sten. 22 be s,elf-eKpandmg or ^Jloon 

exp-^ Jfb'c .53*ne ^at >ete- may oe tjsea to deljverv erauvascalsar ^ter-t gr. it& ^ena 

:S ^\ a S ^ aaevj^ ^ reoair uartscles i»Ut-expandmg stents, ballcscn expand «bk stantN or 

\na^BU«rcoli-4•2(>3saI^acned^o^^ep-o\5raal'^c«rt^^'^rit'*•-*e''t-hc ^'^ano 
i:aiLsir>g ar^siuicir colhir „r o be 'etca ^ed ^'■.>xm?8Jiy coliapsmr a .^onnaxi section I B of the 
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r^tmcUM^ outer sheath i 6 jmd j^-traciing stmt shesih 20 so the medicai device such as stent 
22 can be delivered. 

As is well known m ihs art Niti^oi cars be snade -v^ife sn aus-^erJuc rinai 
leraperamrs above ksdy tsmperatmj. At roorii tenips-ata;c dse N;;hx.. %v-e j.s ir. 
5 martensite pbsse snd cars be easiiy defonned. in ihc lirsi e?t>h>iiinicr.i ir...- contracdos 
njernbcr is ni.-ide Srotr, rrrr,,.; forrned mio acoil and hear sei i^u- ;^prii>- shape. 
.Mj^r !.J5e sprm^: i-i nirsde, tl^e .spnn- :s d^xbnssd at mom Jempsratms to elongate the spring. 
C>n. of ?iic spnng Li; attached to ihe annular collar 26 and the other ead is fixedly 
dtuchcd lo the umer smft 12, at biauper 37. 

tiie fest embodiisent the shape meniosy contraction meisbsr 2S takes the 
fonn of a ,pnng, hemver it shouM be understood that any geotRSSr>' wfekh resulted in a 
reduced losgxitjdmai bng&, caasmg retraction cotsld be t&llixtd. The ler.gth of tha spnxig 
would d«t«nnme the amount of retraction and ca^) be .dectsd xgj x'anous siss; steats. An 
alternate enWi^ient is an dongate Nitinoi -.virs .vh^-b. sbon^^n? up bnigittK?kiallv upon 
15 iransmon (muscle .v^a-. Wiih a oac :r.cter un.: ire vv.ich contracts 8^. for exxsmpie, a 
retraciicn of 80inn; r,v,y be provided, which is adeqt^^ie for Lhe various srenr lengths in 
coss;5;ir-ri -ss.^ sjiher shape snemory ailoys can provide venous longitudiisal cajitraction as 
percent orkngth and codd be aUHzed as well, if desh^d. Contraction nxsmber 2S could 
also ?akc a >.dg.sag shape. Tfea slagk wire 28 could also be replaced with a pltjrality of 
20 sn^aUer diameter ^ch could be braided, intemvined or the like, discussed below in 
mo^-e deiail in cosnscticfn with FIGS. 2 aitd 3, 

Power supply 3D supplies po'^er to rheostat 32 which supplies cisrrent to the 
Nitmoi spring 2S via lead wire 34. The Nitijiol spnng :z acts as a resisicr asKi heats ao. 
vMch causes the Nitinol to go ihrongii its 5rar.sit!,:n t.-n|v;st:.;^' a;v: a.<;vj-s.: ^sser a^;!V.cd 
2> ?h3pe. m-tjan^53tjontesiiperati5remt3stbeabv^v^boov5er.i^crai\s^ Wber. irt -..irr^in 

^t.5rr«i, ..^-r,~ 2S ^^ ill istop contiacting. Depcndirig or tb.e nieciu-r r-;;f.> :-di3g &e 
-^r^- :s be.v io. ^ a \ an' and hence me time to s^top contracuoo var>' as well. By 
.1 rs-anir^iiy ..perated poll wire with tlje inventi%'e shape memory- contraction 
r.ietsb«r greater control of uhs retraction is achieved by using the rheosiai to control lbs 
30 ekcirical input ijjto the system. 'Hus will eliminate thejericing whidi can resiilt torn 
retraetson of a pyll wre, which cart be caused by excessive force being used to 
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' - ■'^ ^ attac*iecs to anrUar co lar 26 tcct 

' '-od^ r^r- c&.tncaS arsJ tiennai eonauctior, ather the corumcnc^ -neis-?' <r 
« ^^a- er ^9 or -xjt^ -nav *hertnaii> and* r cfectncali. msu aeti 

>'3gu the ir^ e.nboJjment the se'^tm ^ ^ ^^s, co-^-i * c 'n*'^-- - 

— — ""'v' ^<xwmK: iO, &u o.ri!> i«» uOiaaris 

R.v.«mn^ now u i- C 2, Uent 22 siiO\%j v^m bai'oor 24 >c":c2tl «t %i 
* ^ M - ^ bdU on .^pajiuSDle ^tert S em sheath 20 acts ^ a -rotective sheafh *b me 
t,n .aa v-^dmv^'n s^saix menon actuato- 2<? Th« ac^3a*o o eortractjoa 
Temi3**r 28 a& inidt«p.e m ti> i^Ated aaJ/or b-mded locefbe^- 

Re'i-nng sow OO \ a M preferred c b r -r i n 

~- at t..^ -tnc-c-: nserrOe- I '.;n,~ cj^^^ra^ ^,■ires soiled m 

^e!:crdtc 'cu- s.^ \'t:;K-uon torvj a smgle larger wn:. hi tins c^mbi diinent tne sccordian 
section 1 8 i^i^-J^ccd %siih s sliding sleeve design where siexsi sheath 20 movea pmxMIy 
ov«r the vvwacdf-a chj^bs? hms&n 40 diaiag setractioa ofsvsxit sheath 2S to expose stem 

:5 22. llie sliding sleeve sectios could aiso be designed to slid under litmen 40 if desired. 

Refssmg now to FIG. 4, a totsth embodimsni of tlie suventive catheter is 
?ho^^-5i whjch ^h.^ ct^ntractioti member 41 is a shape memor>' braided %^irc t^shs Shape 
tassRor^ -ij-ao:t->r rscsr De; 4: is conr.cctcd to stem sheaSh ?0 -v ia r J:.' o.M; ;< > ^ 
hsauijg, sna;o oorara^^tscn raer^ her 4!, movc<5 \-r i, .o.^ v.^:.; 

30 sheath 20 proximsliv 

tje '.mdsrstood iwrn the above de^cnptiors o: :rse auTer."; 
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J v'' M-e* , nvi&tes, V, e cr von-? uduoii these t >i,>pe(. o d c 

CO towr nivirfcercoUdcoK t of it braided mbt. co"^r ^^is o'e^*- j 
bmassfi mws, twistea wsres. or comhmation*; fije^^-^f 

lild ai c tje J V t, =-to h^jt \ 



'UjQ, oe nested coQauctiveiy, either by hsmg 

a. 4idQrx.ts. od ti at the 'n^.m^rv co^ *raa crj meB:>&or 1:8 
^ ^ niaru^aaarea of one-wa'v or*wo-v,-a> siiape me-iion <l o v -\ 4' k-ovr 
n m ar* nvo-^^a> ^ace stro-v &Mo\ takes »o difem h^n. vv-tn dift^tt- 
&->53e ami-es -^ererore ^^lOsmo^^ay sh.oe memon aiio> contmca r member 2S co r 
CO at f fj,t teriperature selectees during mast^^ture gcsa e)rtJB<i ^ a 'jec au s^^ecivu 
t.me attire ITl x\ouid afow the n-traciabk . uer ^e;i& 16 o he > ed i .he j^e^ 
clisagea turn mind soout debverj' or dtinisa dejsyen.'- 

C8. ea»n correction %vt. i\a ^ivsre n2L<^pc»ai;o ^sra nOF s « 

(KX) «r ovesr me wm (&TW\ ca&eter conSgarstiois 

A emDodusfim of a shatje memon retractios taJsets- " si^c" >3 FLIS 
•^31^ i?,v.s^ ^cliematTC \ le^s- o " a dj "sal end of s cathsrte jij botl^ ar uadepio 

2^ ^-a £.-10^ poi,.n r, s^own -e^pecmdj I IGS ans 6 l'^ thi eit^K-^d't: tnt a sha-se 
v-^i'^ aHo^ retractEoa de\ «,e >s titslized to retract heat^ ""0 to cea^e ^^en ""2 ^o^ 
aep c! rjen' . ue &mm memon alio)- retrattton devjce cor'?iSts ot fks, com3rw«!s,eJ spn c 

^r,^c5. V t xediv mt&thsd to he distai ena of tre ^^th^ter at ar.? i 
as^»3lsr^>4 and econdsnntg 56 chichi aa^cK ^ ^ ^ i v< 

2*^ «ttac c- o ca^ ^er a 6 f Seccad conpt ^~>— s i s<- j 
^ "* ^ " t- o he U.S e 5 > \ 

^ ar^ '^"'gi^' to extrt * is f 

' -^ir'^k Oi*t>oo pt.^dtm tsis-^ n ^ '-ape 

3 c pera jrt., so t.at * d d not change states AUfe tb. cold 'v^ e'- ^'u-h v ok %^a^^f ^-0:.%? 

^ ^arsd ^p-ng V *^^^f a j-aitcr^t>; suit., % u.' k voajuss' fo 



i eTeu yjci be unde stood iha* ks vv- n i t o rj, 

*^ 1 c t ol. j>- til a o aus^ sieco-^d sonna ^0 to trail .'>nii "Wi^ ^^^^ i^-. 
hur> t^dr^ i e red coicJ tsnn coald b heat actuate if - ai s ^rxi uo ) 

\3 1 1 - f tl C 

^ ^ ^ w J rtxj i >jt It I > St ^r^L. 

<~ X ^ \v) d and b\ "s^ taoit, 'yd onp'>'5 tc mn S! i 

mwv.ni>t.t. -^.t forever \ nen pnn^5*? ^ t&aui.teUic late re d ucu 

at gx ^ o ^\er* ap ok nai orce on heatb ''O %h ^res e i^- ^ f t 
cx«!tsd os^se sjjsaiii 2o sjvthe mstsprmg 50 

i csm i« tsnood men >rth$ae\ cs, o ( n h --^^ 

<- H-i as •iitctni e nass 

!> ^■^•^ioi& hdpsjreraor^ rs^rvtiof c«theter <? hw-nisFitrS 
- \v s a %'ie\sr o^i djsial ens of a c thtter m noth ari urdetji v s 
- dvn o -t^itj ^ howr Ts necti^e^ i FIGS 7 and 8 in t-5«5 enlm -ei Jse 
a-'ax.i.bs d des "^op ssO sxten<3mg rom fee pmxjiU eac > shea^ "5 St p 

o--!^ ^ j„ ---mzu > X roM^^ f en s t 

^ Shown m a released poskioa, ^hich allows spring 64 lo n.ove steth 20 p™ally to 
rekta^e ths: ^t^-a tor depioyasent. Latch 62 may be acasated by ejthei cooiisig or h&simg 
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as discu3s«i above, .vith suitable aiaterla! selection, it should also be undersiood that btcb 
62 couid be designed to soften to permit retrsctios. 

The shape ix3emor>' iatcfa 62 is shov^ hi boih its ei^caged aijd ctf^te^ 
m FIGS. 9 aad 10, respectively. As seen i^i FIG. 0^ v^ter. ihe lojcis ur J>6 =n i.u ;nanensuic 
5 state, k angles dnwnwmdly to abut stop 60. As seen m FIG. 10, %vhu5 t])e latch tip o6 is in 
its mist&tnUc state, it saaightsas to release stop 60, alio^^itjg spdng 64 to move stetlj 20 
proximsJh-. 

rhe aDovc Examples srxd disdasuTQ are intesded to be illustrative asd tiot 
■ixluu-^n^e- Tt^ese examples asd description wiil suggest mmy vsnations and alternatives 
10 ^ooa<jQrordmat>' skin In this art. Ail these alternatives and variation ar« intended to be 
irjclisded v^lthiti the xope of the attached claims. Those fatmUar vvith the art may recognise 
oth^ equivaients to the speeific eritbodiiiietsts described iterein whjcis eqtiivaients ars also 
iiitessded to be eiscompsssed by the claims attached heteto. 
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.e^il> ^ ^ar „Ux v".u the catljeter body; 
^ H .hape -:ismor> contraciio . ^smbcr havmg an elongate :feaj)t: ar.u . men:on/ed 

ccs!itr.c:ed shape npemuvcly connected to the retractable omer sheath. 

a heac g5?iiemtog device operarveH com .>cted to tb. \ ape rsien^,^ ^ . - ~ >r 
msK be*- for 1 est^si; the !,>£-e jie ^ L.w.-act.o- -re -i^k^ ^^i., v f ^ ^ 

v-f! " of Ci^.^n ' ti^rthcr mc/'Oliig a medical device s^vStrc^ondec "^^ tht 
rsn. ua- c .liier ^^eatli. the catlieter for ddivermg the medscdi device to a f redetmmned 
iOCiiuon in s oody lames. 

5. The GsSheter of claim 2 wfoerem the medical devke is a stent 

> T^e ostheier of claim 3 fiatber isckdmg an expansion ballooi positioned uuder L-xe 
s'e.ii, ^vher.&> vsfhen tl^e retractable iiuter sseath is retracted, the hsllmn k expanded to 

aefeer the steM. 

S V- .cr. '.1 ^^e catbcte- ooU' 3 , c.^Tf.gured a .sOt catheter. 

K V. . it c X ^ e..,in tae catheter body is configured as an CTO catheter 
.0 ostteter of eiam. 3 ^vher«iR the catheter body i& configure J as a Exei wsre 

cjstheter, 

: I Tt& catnct*^ of dajm I wherem th« retractable outer sheath k compns«d of s dista? 
retrac:! on portsv^r. ind & provmal collapsible porUos 

U TbvOaLleter-jfcJaix 1 w^ieremlTss shape. nem'^n/e^>rt-action ^crrbe- ^ > 
memory sjjrmg. 
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> die <ijstai sad of fee catheter hodv- 

i 1 ^) j{ I J rj St 1 ^ \ s"!, o 

-V 1 mator to transit o causipc Jje vhape tre jr »ctu£^<^r k 
- * n«,j">fi£wd aue and monetae outer ^eaih 
< 0 *^lie v^mete o"daim 1 ^ ^hetim the -nemon^ca . md h^0b i -^Yo^^, m 
mtm&i trst ies|&- 

"The „at&Jer or da.m I wiierem the xtsmavTod ^ec -nc ^ nar 
sonsssi first imgth. 

r \ ^<;,re5r> the hea cc eratm. i ^^^q s^ho 

^'^d e isK.mor} aotaalor aad vi-^ ch ri^at*^ the sbape menor 

? >. -a --aer of Uaim 16 % je^em the heat geaer tms dev ^ ^ ^rr ^luid b< 

\-^v ^ea the *hat5€ memory actuator to ts tracsitjo'i tenTim*-5rx, 
2 The oasfeets' of claim 1 <> ^herem thv shape m^mon ^c*i a o- r-s^ rjore asi on^ 

^ "lie oathsler sst cJai-ts 1 v^hsrem ths av^ttiato ->c: - j-- 

"".e cadiestsr of ciasj^ 1 5 wherein the acmator . at 'east t wirc^ -v^ or br^dec 

" I 5 ^ airp-araiel 

K te- c ^vhere n the out;;'- sheath s -^tracisnie aro ao^asts b> 
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^ toaero dax^ ' w-jsrei > aie outer v^e^i}h ^e'ravtabie asa ret ac i ^> 5, u 



< catheie- hc>av havi .g -p-oxunal ai>d dissal enas as:d mcladsng a re^ji.u:^>e ouser 
^seatli -'lear the JistsI sad ofthe canet^r boc% 

a iUspv memorv c '-act. rtrce ^ <.s. ^ i« f 

.smperauirt:^.^ second Mat. >l ^ t . pr.M tmureJ u^mf^r.t r., k .i^t^.e<no-s 
') rsriracuo. aev 0 ^ '^e-e^iactableoiiisr sheath ^e-r > v.oa^aTicted 

^-rarg£ ^ s - . ^ |^ ..^^ . . ^ etractable uter ^beaih li. m ai. uik cNga &xte 
^n.J n e sic. V t» V gowt^ible ome sheath . 1 i a aepioved state 
^ T.^v c^^r ,ier ^iain :9 %aerem tns f3r«« state of me saape memor> r {Mdtl devta 

e c<»tji«tu- of eta 2« v^hc-TSffi the %si &tase of tliv, ^ mmc^ 

:2 Th« c^tSiekr of claim 30 x^hsrc-u the shape ^emoty etracfer- r . 

fert "ao-nal ' ^pr-ng portion coa.-ecied *o &e -etr, riiHe oute- "b^au < - it - ^v _ 

cr s »va*H \ % 'css a ^ a. r-v ^ u ^< -ce r>.^ "r.t arc econc asrnt e s ^" - ^.3^ ^ 
^ ^ - 4 V ^ ^ ^rs 1 vc L-«. r V r u'tnjcUor force is .ss'i than the d. >til oppt sl g 
^ e N N . - V Bsrc n^mvin a. o\ -pang pcuxion ii>m ts ausieaitic «5t«te, birt where 
'i^^ A . V - . ^o'xe ?s -reater thaa tlse distal oppo mg tofve v^isn &e c.8coTi.l s 
'''^^^^o ^ I ^ -^r- -^g fortjoa »s a «s .aarteiisjtic state 

\ oat^e.e- of clasj^ 3' wherem iae sj^ise 'Jiemorv ratractio de\ jce f.o'rspn'sss a 
-iQ-^^. &P?'S5g Fortttv- connected &> the retr^table oute «Keajh to prc\ de a di«?ta* 
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^;haps msmory aUov sprmg portion Is in jis ausienitic saste. 

-"=3. The ca^,eter otdmti 29 wherein tiie shape memot>- rstrasdoB device is coniDri^ed 
of s spriisg coimected to the retractable outer sheath to parvide a prxjxiinal retiactios ibrce 
md a second shape memory- device conEiected to the catheter body ajjd havn)g nrsi an.d 
5 second states, the second skjpe memory device in its i^j^j scats being operate vdy cosnsccted 
to fee retroc^bk otJter sheaLh u> prc^ ...:t ihc rorr.r,::u>r --.-v rhe oiaer ..hcaUi. .nd its second 
me. retees tl>e ^tr..ctabk- otner sheam so thai the .pr.n§ may retract ihc sheath ro its 
deployed state, 

14. The cathetST- ol ciaim 29 wherem the second memosy device is comprised of 
K) a iatch coimecled to tl^e catheter body, the shape memory latch in its fet state being 
opera^vely comtectsd to the retmctabie auter shea^ to pmvent the retraction of tlie outer 
sheath, aad in its second state releases the j^tractable outer sheath so that the spring may 
retmct the sheath to its dsjployed state. 

35. Use eathster of claim 34 wherein the xii-n s-m of sh;.- ph.^^^e n-.-n^;rv latch is 
IS JSartsi^itlc, 

^6. The catheter iif claisn v< wh-ucin she retractabb aixier sheath includes a stop which 
-.>xonc.> p;o . . - ' ^ a,x^ . ^..qj^. i^^^ .^^^^ -j, jv^gj^^jj^;^-^ ^^^^^ 

3 The cadieJ.:;- of ciaxni ^vhereiis the shape memory latch is sofiened ia its second 
state to release the retractable outer sheath, 

20 3M. A 



a ca^eter body having proximal asd distal ends and iaduding a retractable otiter 
shesth sear the distal end of the catheter body; 

a shape raemory retraction de-vice having a first state be!vO%v u predetermined 
^emperattsre and a second state ahovethe predeterrnirieo. :c!r ocr;n\;r?. ihe shar-; jrsemorv 
25 retrsctlon de-^ice opemtiveiy connected to the retesct^tble out-r sheaih and beins? coasinscted 
md arranged so ^ m the first state the reti-aciable ouier ?hec;th i:; [b an imdeploysd state 
and in tbs second .-stats the retractable outer sheath is in a deployed stats. 
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